Objectives-To assess the correlation between inflammatory sonographic findings (grayscale synovial hypertrophy and power Doppler) and clinical and functional assessments in hand osteoarthritis (symptomatic interphalangeal joints) and to correlate the intraobserver and interobserver reliability of these findings.
O steoarthritis is currently the most prevalent joint disease, and hand osteoarthritis is one of its most characteristic subtypes. The estimated hand osteoarthritis prevalence is 26% in women older than 70 years. 1 Treatment and follow-up of this form of the disease have received less attention compared with cases involving the knee and hip, probably because such involvement does not present with the same great functional limitations as those seen in the large joints. 2 For diagnosis and follow-up of hand osteoarthritis, the clinical history, a physical examination, and conventional radiography are used. Radiography gives us insight into only 2 planes of articulation, and it does not provide an effective approach to synovial measurements. 3 More sensitive techniques are required for accurate assessment of disease progression. 3 ,4 Sonography appears to be an emerging technique. It is a very useful imaging method, as it is capable of showing structural damage leading to inflammation in patients with osteoarthritis. It is considered a great method for the follow-up of rheumatic patients. It is safe, easy to perform, inexpensive, fast, and able to assess various sites of inflammation in the same turn. It can also be used to monitor and assess the therapeutic response in these patients. 5 Some authors have suggested that sonographic assessment is better than that by plain radiography; it does not involve radiation, and it allows for joint assessment at various sites. 6 However, it still has limited use in hand osteoarthritis compared with other inflammatory joint diseases.
Studies assessing the applicability of sonography in the diagnosis and follow-up of patients with hand osteoarthritis are necessary, but mostly, studies investigating whether the sonographic findings reflect the clinical and functional status of these patients. The objectives of this study were to assess the correlation and association between sonographic findings of inflammatory synovial hypertrophy secondary to structural damage and power Doppler findings of the interphalangeal joints and clinical and functional outcomes in patients with hand osteoarthritis. In addition, we were interested in testing the intraobserver and interobserver reliability of these sonographic findings.
Materials and Methods
A prospective study using sonography in 60 patients with interphalangeal joint osteoarthritis was performed. The most symptomatic joint was assessed by sonography. The inclusion criteria were as follows: diagnosis of hand osteoarthritis according to the American College of Rheumatology, 7 with involvement of the proximal or distal interphalangeal joints, or both; age older than 40 years; a visual analog scale (VAS) pain score (0-10 cm) in the studied interphalangeal joint of 3 to 8 cm at baseline; and agreement to and signing of the consent terms of the study.
The exclusion criteria were as follows: changing the use of oral corticosteroids and nonsteroidal antiinflammatory drugs in the last 30 days; changing the treatment of hand osteoarthritis in the last 2 months (including drugs and rehabilitation); and radiographic findings of the hands suggesting interphalangeal arthropathy of other etiologies (eg, psoriatic arthritis and microcrystalline arthropathy).
Patients were assessed by sonography 6 times; as such, 360 assessments were performed. Each assessment was performed in the dorsal (360) and palmar (360) joint recesses, accounting for 720 joint recesses by the end of the study. Patients were recruited from the outpatient rheumatology clinic at the Universidade Federal de São Paulo, Escola Paulista de Medicina. The study was approved by the Research Ethics Committee of this institution.
Assessment
Two blinded observers (1 clinician and 1 sonographer) assessed the most symptomatic interphalangeal joint at the following times: 0, 1, 4, 8, 12, and 48 weeks. At time 0, demographic data were collected, and plain hand radiography was performed in the anteroposterior view.
Clinical Assessment
Patients were assessed 6 times according to the following assessment tools: self-related VAS pain score at rest and on movement of the studied joint; VAS score of joint swelling according to the observer; and goniometry of the studied joint; handgrip strength by a grip strength dynamometer (Jamar, Preston, Ontario, Canada) involving the studied joint; pinch strength (pulp-pulp, tripod, and key) by a pinch gauge dynamometer (Smith & Nephew, Germantown, TN) in the studied finger; the daily need for analgesics (paracetamol, 750 mg, expressed in tablets per day); and hand function, as assessed by the Brazilian version of 2 functional questionnaires: the Cochin questionnaire 8 and the Australian/Canadian (AUSCAN) Function Index. 9 The Cochin questionnaire consists of a functional questionnaire with 18 questions covering the activities of daily life and graded by the patient (0-5, from the absence of difficulty to the complete impossibility of carrying out the activity). The final value of this assessment is given by the sum of the values assigned to each question, and the higher the value, the worse the result. 8 The AUSCAN Index hand osteoarthritis questionnaire consists of 15 questions divided into 3 domains (pain, stiffness, and function). It also grades the difficulty in performing activities of daily life. The final value of this assessment is the sum of the grades given to each question. The higher the value, the worse the result. 9 Sonographic Assessment A sonographic assessment was performed after each clinical assessment all 6 times by a rheumatologist with 5 years of experience in musculoskeletal sonography. The sonographic examination was performed with the MyLab 60 XVision ultrasound system (Esaote Biomedica, Genoa, Italy) using a linear transducer with a frequency range of 10 to 18 MHz. The following sonographic parameters were primarily assessed 10 
:
Quantitative Grayscale Synovial Hypertrophy Measurement This measurement was made from the bone surface to the joint capsule of the dorsal and palmar recesses in each assessment and was expressed in millimeters ( Figure 1 ).
Semiquantitative Grayscale Synovial Hypertrophy Measurement
This parameter was assessed by a semiquantitative score that ranged from 0 to 3 and that was modified for the proximal and distal interphalangeal joints from the scores created by Szkudlarek et al 11 
Synovial Blood Flow
This parameter was estimated by the presence of a power Doppler signal, which was also graded on a scale of 0 to 3: grade 0, no flow in the synovia; grade 1, singlevessel signals; grade 2, confluent-vessel signals in less than half of the area of the synovia; and grade 3, vessel signals in more than half of the area of the synovia. The pulse repetition frequency was maintained between 500 and 1000 Hz. The frequency varied between 6.3 and 10 MHz. Grade 0 was classified as normal, whereas grades 1, 2, and 3 were classified as pathologic. 10, 11 Intraobserver and Interobserver Reliability of Sonographic Assessment An intraobserver and interobserver reliability assessment was performed for quantitative and semiquantitative grayscale sonographic findings of synovial hypertrophy and power Doppler measurements. This assessment was performed among 25% of the sample (90 joint recesses). In this analysis, 2 sonographers were involved. The first was responsible for sonographic assessment of the entire sample. In addition, he was also responsible for performing a second sonographic measurement, which was used to assess intraobserver reliability. The second sonographer was responsible for sonographic assessment, which was used to assess interobserver reliability. During the first assessment, images were analyzed and then recorded. These recorded images were identified with numbers (and not with the patients' names), and they were assessed by the same sonographer (the first sonographer) over the course of more than 60 days. The second sonographer performed a completely independent sonographic assessment of the images recorded by the first sonographer.
Radiographic Assessment
Plain hand radiography in an anteroposterior view was done in the first assessment (time 0) of the patients. These radiographs were analyzed by a blinded radiologist with 30 years of experience in musculoskeletal radiology. In this analysis, we used the Kellgren and Lawrence classification, 12 which is divided into 5 degrees: 0, no osteophytes; 1, doubtful osteophytes; 2, minimum osteophytes but no decrease in the joint interline; 3, osteophytes and moderate presence of a decreased joint interline; and 4, the presence of large osteophytes with ankylosis ( Figure 2 ).
Statistical Analysis
Continuous data samples were presented as mean 6 standard deviation. Categorical data were expressed as frequencies and percentages. Continuous variable samples were analyzed with tests of normality (Kolmogorov-Smirnov test); Spearman correlation was used for continuous variables; the Mann-Whitney test was used to determine the association between continuous and categorical variables; and the v 2 test was used for categorical variables. We used a multivariate linear regression model to see which variables retained significant results in the presence of others. The intraobserver and interobserver reliability assessment for sonographic measurements was performed with the Cohen j test for semiquantitative sonographic measurements and the intraclass correlation coefficient for quantitative measurements. 13, 14 Differences were considered statistically significant at P < .05.
Results
Our sample had a large predominance of women. Most of these patients did not use any specific drug for hand osteoarthritis treatment. Radiographically, almost half of the sample had a Kellgren-Lawrence score that was classified as severe (grade 4).
14 Moreover, more than half of the patients were classified as having erosive hand osteoarthritis. The demographic data of our sample are described in Table 1 .
Results According to the Most Symptomatic Joint
Only 12 joint recesses (1.7%) showed positive power Doppler signals (2 in the dorsal and 10 in the palmar recesses, all with grade 1 severity), precluding statistical analysis of this sonographic variable. The same occurred with goniometric extension because only 1 patient did not have complete extension of the joint.
Sonographic Assessment of Distal Interphalangeal Joints
In the semiquantitative and quantitative grayscale sonographic measurements of synovial hypertrophy in the distal interphalangeal joint dorsal and palmar joint recesses, statistically significant associations and correlations between sonographic findings and the clinical and functional outcomes of the sample were not found. These data are illustrated in Tables 2 and 3 .
Sonographic Assessment of Proximal Interphalangeal Joints
For the statistical assessment of the association between the semiquantitative grayscale sonographic measurements of synovial hypertrophy in the dorsal recess of the proximal interphalangeal joints and the clinical and functional outcomes, patients with a pathologic sonographic score had a higher mean VAS swelling score than did the patients with normal scores. The mean pinch strength (3 subtypes) was higher in the normal sonographic score group. When analyzing the association between the semiquantitative sonographic measurement in the proximal interphalangeal joints palmar recess and the clinical and functional outcomes, patients in the normal sonographic score group had higher grip, pinch key, and pinch tripod strength than did the group that was considered pathologic. Still, the AUSCAN Index was lower in patients with a normal sonographic score. These findings are illustrated in Table 2 .
The correlation between dorsal and proximal interphalangeal joint measurements by quantitative grayscale sonography of synovial hypertrophy and the clinical and functional outcomes of the sample were observed in the VAS swelling scores and in the statistically inverse correlation with pulp-to-pulp pinch strength. Correlations with the quantitative sonographic measurements in the palmar recess were seen in the VAS swelling score and the AUS-CAN Index (function subtype). Moreover, there was an inverse statistical correlation between the quantitative sonographic measurements and grip strength and pinch strength across its 3 subtypes (key, pulp-topulp, and tripod). These data are described in Table 3 .
We performed a multivariate regression analysis of the variables that had significant results to see which variables retained this relationship in the presence of others. In proximal interphalangeal joint dorsal evaluation, only pulp-to-pulp pinch strength was significant in the presence of others (P 5 .006). In the proximal interphalangeal joint palmar recess, the VAS swelling score and key pinch strength were significant (P 5 .039 and .014, respectively) in the presence of others.
Assessment of Intraobserver and Interobserver
Reliability of Grayscale Sonography of Synovial Hypertrophy Intraobserver Reliability of Distal Interphalangeal Joint Assessment The intraobserver reliability of semiquantitative grayscale sonographic measurements of synovial hypertrophy in the distal interphalangeal joints was shown to be significant with respect to the assessment of the dorsal recess. However, it was not statistically significant in the palmar assessment. In the assessment of intraobserver reliability, we found good results for the dorsal recess and excellent results for the palmar recess (Table 4) .
Intraobserver Reliability of Proximal Interphalangeal Joint Assessment
The analysis of the intraobserver reliability of semiquantitative grayscale sonographic measurements of synovial hypertrophy in proximal interphalangeal joints was substantial in both the dorsal and palmar recesses. For the intraobserver reliability of quantitative grayscale sonographic measurements of the proximal interphalangeal joints, excellent results were observed for the dorsal recess, and good results were noted for the palmar recess (Table 4) . Data are presented as mean 6 SD where applicable.
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Interobserver Reliability of Distal Interphalangeal Joint Assessment The interobserver reliability of semiquantitative grayscale sonographic measurements of synovial hypertrophy in distal interphalangeal joints was substantial in the dorsal recess. Regarding the palmar recess, the reliability was considered moderate. The interobserver reliability of quantitative grayscale sonographic measurements in distal interphalangeal joints was good for both the dorsal and palmar recesses (Table 4) .
Interobserver Reliability of Proximal Interphalangeal Joint Assessment
The findings regarding the reliability of interobserver semiquantitative grayscale sonographic measurements of synovial hypertrophy in proximal interphalangeal joints are presented in Table 4 . There was good reliability in the dorsal recess and moderate reliability in the in palmar recess. The interobserver reliability of quantitative grayscale sonographic measurements in proximal interphalangeal joints was excellent for the dorsal recess and good for the palmar recess.
Discussion
This study aimed to assess the applicability of sonography in the assessment of a very prevalent disease such as hand osteoarthritis, studying the correlations and associations between sonographic findings and clinical and functional outcomes among these patients. In our study, We used the grayscale and power Doppler sonographic measurements to assess hand joint recesses. Our aim was to determine whether sonography would be a really useful test for assessment of small-joint osteoarthritis (proximal and distal interphalangeal joints).
We chose to divide the sonographic assessments of proximal and distal interphalangeal joints, as we believe that these joints could behave differently. The distal interphalangeal joints in our patients had no associations or correlations between sonography and the clinical and functional variables. These results may have been caused by the difficulty in performing sonography because of a smaller joint size and synovial recess and the more distal body joint. In the proximal interphalangeal joints, we found the best associations and correlations between sonography and the clinical and functional variables.
Since 2008, Keen et al 15 have suggested the need to develop a scoring system for the sonographic follow-up of patients with hand osteoarthritis, in which the exclusion of the assessment of erosion was justified by its low sensitivity compared with radiography, as observed in a study conducted by Iagnocco et al 16 in 2005. The authors also emphasized the difficulty of sonography in differentiating osteophytes and erosion in patients with hand osteoarthritis, suggesting the need for better definitions for these sonographic parameters. 15 In our study, we chose not to assess the sonographic parameters of articular damage (osteophytes and bone erosion), since the objective of the study was primarily to prospectively assess the correlations and associations between the changing clinical, functional, and sonographic measurements of synovial hypertrophy 17 also studied the use of sonography in hand osteoarthritis, identifying associations of grayscale sonography of synovial hypertrophy with pain and function, but they did not assess its relationship with swelling and hand strength. In our study, we identified such an association when proximal interphalangeal joints were involved. Associations were observed between grayscale sonographic measurements of synovial hypertrophy and joint swelling, hand strength, and hand function (AUSCAN Index). We were surprised by the fact that the VAS pain score was not associated with sonography in our sample. We believe that swelling is a more objective variable, thus justifying our findings.
In 2014, Kortekaas et al 18 followed patients for 3 months and observed the grayscale sonographic findings of synovial hypertrophy in a small number of the sample (25%), and this number was smaller still for power Doppler imaging (9.3%). As in the study by Kortekaas et al, 18 this study found a low number of power Doppler signals in this group of patients.
In 2011, Arrestier et al 19 also reported that their sonographic findings were not as expressive; they found more severe sonographic findings in distal interphalangeal joints compared with healthy control participants. In agreement with our study, Arrestier et al 19 found few positive power Doppler signals. However, regarding the grayscale sonographic measurements of synovial hypertrophy, the findings in distal interphalangeal joints were more substantial than those found in our work.
Except for the semiquantitative grayscale sonographic assessment of synovial hypertrophy of the distal interphalangeal joint palmar recess, we observed satisfactory reliability for sonographic assessment of interphalangeal joints with osteoarthritis. In addition, both intraobserver and interobserver results were similar to those already found in the literature, 17, [20] [21] [22] emphasizing the idea that it is possible to perform this technique with trained sonographers from different disciplines.
We believe that the weak correlations and the few associations observed between the clinical and functional variables and the sonographic findings in this study may have been due, among other reasons, to the fact that interphalangeal hand osteoarthritis does not show major inflammatory conditions, such as those seen in the metacarpophalangeal joints of patients with rheumatoid arthritis. This hypothesis is reinforced by the small number of patients who had positive power Doppler findings in our study. The major presence of pain instead of swelling at time 0 (a fact suggested by the finding that the VAS swelling score was greater than the VAS rest score) may have also influenced our results. In a sample that featured more severe interphalangeal swelling, the results could have been different.
As far as the main limitations of this study are concerned, we could cite the fact that it did not involve rhizarthrosis, which is a very common involvement in hand osteoarthritis. We chose not to include it, believing that the thumb is much bigger than the interphalangeal joints and might have behaved differently. Still, the low number of patients with the presence of power Doppler signals and the absence of osteophytes and bone erosion on the sonographic assessments were also limitations. The limited follow-up of the sample (48 weeks) led us to refrain from assessing osteophytes and bone erosion. In less than 1 year of followup, these variables would have probably remained constant and would not have translated to disease activity, unlike the sonographic measurements. The reliability analysis of sonography performed with captured and recorded images may have influenced the results. If performed with images taken by different observers, it could have had different results, since sonography is an operator-dependent test. Finally, the correlations were not strong, and there were few statistically significant associations.
This study has practical applications that should be highlighted. The most important one is that, in agreement with most of the studies that preceded it, our results suggest that the correlations and associations between the grayscale sonographic findings of synovial hypertrophy of the interphalangeal joints in hand osteoarthritis and the clinical and functional variables are not statistically strong. This finding applies especially to distal interphalangeal joints, where these correlations and associations were nonexistent. However, our results were more statistically consistent when assessing the proximal interphalangeal joints. From this standpoint, we can extract another important practical application: this study suggests that if we are using sonography to assess the effectiveness of a therapeutic intervention for interphalangeal hand osteoarthritis, the joint that will be subjected to treatment should be the proximal interphalangeal joint because only here will sonography be able to identify the therapeutic response.
Another important finding from our study was our ability to confirm the good intra and interobserver reliability of the quantitative and semiquantitative grayscale sonographic findings of synovial hypertrophy in interphalangeal hand osteoarthritis. This aspect gives us confidence that we can use this method for longitudinal assessments. In addition, because sonography is a fast and inexpensive method, it can be considered as an alternative choice for assessment of proximal interphalangeal joints in the absence of more sensitive methods such as magnetic resonance imaging. We believe that this study will stimulate others to conduct larger studies, particularly testing modified sonographic measurements, to disseminate this practical and dynamic method to increase its applicability in the study of hand osteoarthritis.
In conclusion, we found associations and correlations between grayscale sonographic findings of synovial hypertrophy and the following clinical and functional variables: VAS swelling score, pinch strength, grip strength, and the AUSCAN Index, but only for proximal interphalangeal joints. Sonography of interphalangeal joints osteoarthritis proved to be reliable in terms of both intraobserver and interobserver assessments across most of the studied recesses.
